Abstract -Pressure data acquired from a blood pressure cuff during a blood pressure test are the starting point of noninvasive, single cuff blood pressure determination. Most blood pressure devices on the market use the single cuff method. This paper describes acquisition, analog and digital processing, and storage of raw data from a blood pressure cuff during gradual cuff deflation. Raw data from 30 arm cuff tests and 20 wrist cuff tests were organized to form a database of text files. Separate annotation documents were also created. The database was uploaded to the Google Drive. The database can be downloaded by any interested party. The data can be used for the development of algorithms for blood pressure determination and for the assessment of some cardiovascular variables.
INTRODUCTION
Blood pressure (BP) measurement is the most commonly performed screening and diagnostic test, not only in the medical practice but also in the home. Single cuff automatic BP monitors are the most prevalent BP devices on the market today. Most BP monitors use arm cuffs but wrist cuff devices are also popular. Single cuff devices usually use the cuff pressure (CP) data acquired from the cuff during cuff deflation. The pressure data from the cuff have the form of descending cuff pressure ramp which is modulated by arterial pulsations. The cuff arterial pulsations have relatively low amplitudes, typically 1-4 mmHg and are usually separated from the CP ramp and amplified. The separation is accomplished by a high-pass filter. The CP ramp and the cuff pulse waveforms are shown in Figure 1 . The arterial cuff pulses appear at the beginning of the gradual cuff deflation. Their amplitudes increase until they reach maximum and then they decrease until the end of the procedure.
The cuff pulsations are frequently identified as oscillations and methods for automatic, single cuff BP determination are called oscillometric methods. Some single cuff methods for BP determination have been described in literature [1] . Manufacturers of BP devices consider algorithms for BP determination proprietary and keep them secret. It is necessary for efficient algorithm development to have a database of raw data from a BP cuff. Such proprietary databases exist and they are also kept secret. Some public databases of physiological signals exist [2, 3] . Public databases of raw data from BP cuff do not exist at this time.
The secrecy surrounding commercial single cuff BP determination led us to the development of a public database of raw data from arm and wrist BP cuffs that can be downloaded by any interested investigator. The database can be used for development of BP algorithms and for algorithms for determination of some cardiovascular variables.
. Previously developed dual cuff system [4] was used for acquisition, storage, and upload of raw data from two different cuffs. For simplicity we described only the parts of the system relevant to the above purpose.
Block diagram in Figure 2 shows the relevant system components. The characteristics of these components are the results of careful observation and analysis of the raw data from pressure cuffs.
Pressure in the cuff is converted to voltage in the piezoresistive pressure transducer and the output signal is amplified in the instrumentation amplifier. The low pass filter is a second order analog active filter with the cutoff frequency fc = 35 Hz. The output of the low pass filter is connected to the CP input of the ADC and to the input of the high pass filter. The high pass filter is a second order analog active filter with the cutoff frequency fc = 0.5 Hz. The 0.5 Hz cutoff frequency is sufficient for the removal of the CP descending ramp and for preservation of the low frequency components of cuff pulse waveforms. Higher cutoff frequencies can result in the CP waveform distortion, especially at low heart rates. At low heart rate and high cutoff frequency the diastolic segment of the waveform becomes depressed.
The output signal of the high pass filter is amplified and the output is connected to the CPW input of the 12-bit ADC with the conversion rate 85 samples/sec. The 2-channel digital data are converted into USB format and sent to a notebook computer. The data acquisition starts at the peak CP and ends at the end of the gradual cuff deflation. The acquired data are stored in binary files. We used arm and wrist Omron commercial cuffs ( Figure 3 ). The arm cuff bladder is 14 cm wide and 30 cm long. The wrist cuff bladder is 6 cm wide and 12 cm long. The data were acquired from sitting volunteers. The cuffs were kept at the level of the heart.
b) The database of raw data from BP cuffs.
We decided to present the database files as text files (file.txt). Text files can be easily converted from text to other digital formats for processing and for graphic display. Each acquired cuff dataset is converted into a text file containing a series of two numbers. First number represents one point of cuff pressure and the second number is one point of the cuff pulse waveform. The time intervals between successive data pairs are 11.76 milliseconds. There are no other data contained in the files. Each file is identified by its name and number. Each name describes type of cuff (arm or wrist) and file number. For example, the name of first arm cuff file is ArmCuff(1).txt or WristCuff(1).txt. The files are stored in two folders. The arm cuff folder is named ArmCuff and the wrist cuff is named WristCuff.
Because the data files contain only cuff data, we created separate annotation documents. The documents list basic information about each file: File number -ArmCuff(n) or WristCuff(n), approximate systolic (SBP), mean (MAP), and diastolic (DBP) pressures, heart rate (HR), and heart rhythm. The approximate BP values are included in the annotation documents to provide the investigator an approximate idea what BP levels each data file represents. For example, SBP value of 150 mmHg indicates hypertension and SBP value of 110 mmHg indicates normal BP.
The method we used to compute the approximate SBP, MAP, and DBP values uses ratios of cuff pulse waveform amplitudes [5] . According to this method the SBP value corresponds to the point of 50% of maximal amplitude. Cuff pressure at the point of maximal CPW amplitude is MAP. The point of DBP is at the amplitude ratio of 75%. The method is based on statistical estimates and it has inherent accuracy problems. Other single cuff BP methods have been described, but none of these methods or the commercial methods has been recognized as the "gold standard". The "gold standard" is still the manual method with a stethoscope and a sphygmomanometer [6] . Heart Rate (HR) value is computed from the intervals between CPW peaks. "Heart rhythm" describes irregularities of heart rhythm as seen during the duration of a test. There are three files containing atrial fibrillation (AF) data in the database
III. RESULTS
The database contains 30 arm cuff and 20 wrist cuff text files and two document files containing annotations for data files. The arm cuff and the wrist cuff data files are stored in two folders named ArmCuff and WristCuff. The annotation files are named ArmCuff.doc and WristCuff.doc. The database data and annotation files are uploaded to a Google Drive. Any interested party can download the database via link located at Carditech.org .
Each data text file contains series of two numbers. First number is the value of cuff pressure in mmHg and the second number reflects cuff pressure waveform (CPW). The series start with the highest CP and the corresponding CPW and it ends with the lowest value of CP and the corresponding value of CPW. The CP values are in mmHg. The values of CPW are positive numbers corresponding to amplified cuff pulse values with positive offset. The annotation document (.doc) structure example is shown in the Table 1 . The range of approximate SBP values is 190-100 mmHg and the DBP range is 99-65 mmHg. The range of HR values is 46-94 bpm. Most of the files contain data with normal heart rhythm. One file contains data with irregular heart beats. Three arm cuff files have data acquired from volunteers with atrial fibrillation (AF) data.
IV. DISCUSSION
Raw data from BP cuff have been used by investigators and manufacturers mainly for the development of algorithms for SBP, MAP and DBP values. Cuff pulse waveform contours have been mostly ignored by investigators. Our past research showed [7] that the waveforms have properties that make them suitable for the assessment of certain cardiovascular variables. We compared wrist cuff waveforms to radial artery waveforms obtained by direct method with catheter inserted into the radial artery and by applanation tonometry [8] which uses a pressure probe applied to the radial artery externally. The wrist cuff waveforms obtained at or below the point of DBP were similar to the waveforms obtained by the direct and the tonometry methods. The arm cuff waveforms are less suitable for waveform analysis because the arm cuff contains substantial amount of air and many arms have large amount of soft tissue. The air and the tissue contribute to dampening of the waveforms. This effect can be seen in Figure 4 . The bottom arm cuff waveforms show rounding of the peaks of waveforms while the wrist cuff waveforms do not show pronounced rounding.
Application of wrist cuff pulses for BP determination is controversial. Typical wrist cuff width in commercial devices is about 6 cm, which is too narrow for many individuals. Cuff width should be 40% of wrist circumference [9] . For example, cuff width for 20 cm wrist circumference is 8 cm. Our previous study [10] showed the effect of under-cuffing on accuracy and reliability of wrist cuff BP devices. Investigators interested in wrist cuff BP determination should take this into account. We want to emphasize that the wrist cuff data is more suitable for investigating the waveform contour properties than for BP determination. The arm cuff raw data from three tests of atrial fibrillation (AF) serve as examples of irregular heart rhythm. Figure 5 shows the irregularity in the timing and in the amplitude of the pulses. The resulting BP values are frequently inconsistent. 
V. CONCLUSION
The described public database of raw data from two different BP cuffs provides free data to interested investigators. The database does not provide calibrated, accurate BP values. To obtain calibrated values a validation protocol [11] would have to be followed. Our aim was to provide an introductory data that still contain valuable information. The database can be expanded in the future.
